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BURN-OUT HEAT FLUXES UNDER FORCED WATER FIOW

Alekseev G.V., Zenkevitch B.A., Peskov 0.L., Sergeev N.D.,
Subbotin V.I.

At present there is a considerable number of sci-
entific works devoted to the investigation of boiling burn-
out under forced flow of subcooled water and steam-water
mixture in round tubes and partially in channels of different
geometry.

However, the examination of all these works does not
allow to make up a clear view of principal regularities
the boiling burn-out is subjected to.

The systematization of available results is difficult
because of the investigations carried on under forced wa-
ter flow in tubes in spite of a great number of works do
not involve the behaviour parameters in a wide range of
their combinations. Therefore it is impossible to observe
the veriation of each parameter influence on burn-out heat
flux C}/@. awith the variation of other parameters. There are
few experimental works carried on the channels of geomet-
ry different from the tube geometry.

This report is devoted to the examination of experi-
mental data on boiling burn-out under subcooled water and
steam-water mixture flow in tubes in comparison with the
dats obtained for external flow around of a single tube
ir ¢ savynaetric annular gap, the tube placed along the axis
of « square channel and external longitudinal flow over the
o bundles.

Analysis of the experimental data is based on the

is of many years systematic investigations carried on
e authors of this report. Installations and methods
shese experiments are not differed from the conventional
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ones and not described there. The description  of these in-
stallations was bresented for example in [I,2,5] .

BOILING BURN-OUT IN TUBES
I. Principal regularitiec

Results mentioned below were partially used in pa-
pers published earlier [1,4,6] . However, for the present
report these results are made more accurate, supplied with
new data and extended by parameters. A problem of principal
regularities the boiling burn-out is subjected to is more
important and interesting one. Virtually, this problem is re=-
duced to the investigation of fixed parameter influence
(pressure, flow rate and enthalpy of fluid in burn-out re-
gion) on Ci/"uT

Curve dependences of burn-out heat flux upon mass wa-
ter flow rate Wg with its parameters on saturation line
in burn-out region are presented in Fig.I.

Deviations from the parameters corresponding to satura-
tion line ezre no more in some experiments than I+I.5 grade
aside of subcooling and 0.5 weight per cent aside of steam
content( by heat balance calculation).

Analysis of curves according to the pressuresx shows
that q,e. o iz in inverse dependence on pregsure througout
the interval, moreover, with the increase of mass water flow
rate the dependence on pressure is decreased. The plots al—-
8o show that flow rate influence onC],g,o, is ambiguous and
depends on pressure and rate itself.

Water enthalpy influence Q. ., is plotted in Fig.2,
From these curves it may be seen that the value of Ch o 18
in inverse dependence on enthalpy of water ( in burn-out
region) and, moreover, the water enthalpy influence is in-
creased with the growth of water flow rate,

¥ Absolute bressure is indicated everywhere.
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At the same relative enthalpy the character of curves chan-
ges with the variation of pressure and at constant pressu-
re the character of curves depends on enthalpy of water. Am-
biguity of water flow rate ifluence on C“'o' at pressures of
I96 and 392 h,[c.ma appears in subcooled water region.

Thus, the ambiguous water flow rate influence on
O ¢.0. firstly discovered by the authors of this report in
I956(5) for the steam-water mixture region reveals in a
more wide range of parameters

Resuming the curve dependences it may be drawn the
following conclusion: degree of each behaviour parameter
influence depends on its combination with other parameters.
Thus, for example, water flow rate influence onq,s_ o aepends
upon the fixed pressure and enthalpy values.

2. Additional factor influence.

It is of interest the additional factor influence,
viz: heating length, tube diameter and heat flux concent-
ration non-uniformity over internal tube surface.

Experimental duta illustrating in this report the
principal boiling burn-out regularities are obtained on
8-9 mm inner diameter tubes and of I00 to 2I00 heating
length.

The examination of experimental results in comparison
with the data presented by the other authors shows that
the tube length influence onq/‘_o_ within the limits indicated
does not appear in subcooled water region, but in the ste-
am—-water region at £> 200 mm . It is necessary to note
that up to now it is meant experimental results obtained
at experimental set-up in a circulation loop of which the
water flow pulsations occuring in a presence of pulse ge-
nerator are absent (condenser etc.). However, a strong
hrnting length influence on Q/g.o,in the presence of pulsations
in The loop is mentioned earlier in the work [7] . Under
tuese conditions Q’B.o. is in inverse proportionality to hea-

ERAEAS
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ting tube length. In some cases this influence is evaluated
by some hundred per cent.

It was observed by the authors (I) that in the sub-
cooled water region for I373+I962 h/cm‘z pre.sure range the
internal tube diameter (Ol;n =4+I2 mu) does not influence on
Otxg,o, , The latter is confirmed by experiments carried on
by Ornatsky(8) on subcooled water at P =245 n{cm‘? showing
the substantial increase of%o. in a case of decrease of din
from 4 to I mm and the lack of influence in the range of
Ain =4+6 mm.

However, in the experiments carried on by Doroshuk
Lantsman(9) at P =490+I665n|crs it was observed thedin in-
fluence on q,g_o‘ in a whole range ofd;,, =3+8mm, both in the
subcocled water region and some more in steam-water region.

A strongdl;, influeuce on ¢ ¢.,, have been observed by
Ribin(I0) for steam-water mixture at P =981 n[cmz R
W2=(5+20)‘1o‘»<8!m2(hw; 2 up to 0.35 in a range ofclin =

=2+I0 mm .
The experiments carried on by the authors of this
report confirmed the existence of Olin influence on q,g'o_in
steam~-water mixture at P =981 and I373 n[cm"’ ’W,‘} =
=6.10% and T0,T0°g[m’[ kv,
X = 040.40 in the region of Olin =4.84I2 mm .

However, din influence problem on q,‘o requires
an additional detailed study.
It is of importance and interest the investigation

of heat flux surface concentration non-uniformity influence
on boiling—~ burn-out. The heat Tlux concentration non-unif-

ormity in fuel elements of nuclear reactor core may occur
in two cases, at least:

a) in a case of fissionable material concentration non-
uniformity over a fuel element volume,
b) in a case of fuel element complex configuration with

32T
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ribs filled with active material as a whole body of fuel
element. As a rule, these ribs are firnished with curva=
tures in points of conjunction with fuel: element body in
which arise the heat flux concentrations.

If the degree of heat flux concentration non-unifor-
mity on a heat transfer surface is evaluated by the ra-
tio ofq/::x/ CI,:-:W, where (i:‘;% is the .avfsﬁage burn-out heat flux
all over heat transfer surface andCha is the maximum lo-
cal burn~-out heat flux, then in the first case this ratio
nay be not great and scarcely exceeds I.2 with regard for
heat spreading and in the second case this ratio depends
on curvature radius between the fuel element body and its
rib and may achieve 2+3. In the latter case in the presence
of ribs the water flow hydrodynamics may influence on 5}," s

The experiments on the investigation of heat flux
concentration non-uniformity influenct on o carried out
with round tubes of Oy =IO mm y tube length is 400 mm and
with the eccentricity between external surfaces and inter—
nal ones (three values). I

For these eccentricity values the ratio of 9‘.0 /9’6.0.
deternined according to the heat flux curves * is I.I2; I.28;
I.50.

Experimental results representing the heat flux co-—
ncentration non-uniformity influence on Ch.o‘in comparison
with the experiments carried on tubes heated uniformly
are shown in Fig.3 . mar; aven

From the plot it is seen if %0 /%_Qis more, then ave-
rage burn~out heat flux is less. Thus according to the expe-
rimental results presented in Fig.3 the local maximum burn—
out heat flux is approximately equal to 9’6.0. in the great
subcooling range for tube heated uniformly, while with

maer
autcooling decrease and transition to steam-water mixture ?’8

)
0.

® Heot flux curves are plotted according to the results of
cilaulation by numerical method with regard for heat spread

niee

~5-

s
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becomes greater than Chofor tube heated uniformly. More-
over the conceatraticn influence depends on behaviour wa-
ter flow parameters, viz: in the subcooled water region the
influence is more while in steam-water region the influence
is less. The heat flux concentration non-—uniformity influ-
ence falls with pressure increase as well as with the wa-
ter flow rate growth. It is necessary to note that the expe-
riments carried out in subcooled water and steam-water regi-
ons at pressures of 255, 98I and I765,8nfcm® (II) showed
that %2:“ is approximately equal for tube heated uniform-
1y at(i/::"/q,‘:’:u=I.8 .

If the heat flux concentration non-uniformity
over heat transfer surface is due to the active material
concentration non-uniformity over fuel element volumemo  aver
("hot sports"), then having available the values ofCho. q,w'
one may neglect the influence of this factoe taking into
account that the maximum operating heat flux within a re-
actor is chosen, as a rule, with a margin relative to C;“‘

max aver

not less than 2. Only in the case of%a/q/‘.o A 1.2
(with curvatures at the rib base) it is necessary to take

into account this factor.

Boiling burn-out at external longitudinal flow around
the tubes

The authors of this report have carried on the
boiling burn~out investigations at extermal water flow
around a single tube in a symmetric annular gap. The ex-
periments were carried on the heater-tube of O =I2 mm
and ennular gap width of I.5 mm; the heating length is
200 mm . The rate dependences Ck;f(Wg}for pressure range
392=1962 n[cmz' with water parameters over saturation line
in a burn-out region is shown in Fig..

It is seen that the degree of water rate influence
on burn—-out heat fluxes is reversed from positive to zero
(approximately). Rate dependences for subcooled water and
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steam-water mixture at pressures of 392 and 784 and 98In/cm?
reveal the similar law (Fig.5).
The experimental results in terus oforl;‘f(wngor a case of ex-
ternal flow around the tube placed along the square channel
axis are presented in Fig.6 and for a case of external lon-
gitudinal flow around the tube bundles are shown in Fig.7.
From the comparison of rate dependences of C}g;f(Wg)
it follows that for such interval parameters where the
flow rate influence on {, ~ is ambigudus for tubes with
internal cooling the negative rate influence does not occur
for tubes with external cooling. '
From the point of published theories on boiling
burn-out under forced fluid flow (I2-I4) the main diffe-
rence in conformity with the law of flow rate influence on
q/ﬂ.o. for cases of internal and external tube cooling is
not explained absolutely. Apparently, the most important fe-
atures of burn~out phenomenon are not represented in the
theoretical works cited.

Thera is another difference of boiling burn-out regula-
rities at external and internal tube cooling. As it is men-
tioned above, the heating length at internal cooling does
not influence on G, for €2 200 mm and din =8-9 mm,
at least. However, the experiments at external single tube
cooling in annular gap showed a quite distinct influence
of channel length (Fig.8).

The authors have carried on the investigation on
burn~out heat fluxes with heat transfer on both surfaces
of annular channel. As a rule, burn-out conditions are cre-~
ated on one heat transfer surface while from the other he-
ating surface the additional heat flux of a certain quanti-
ty is supplied. In some experiments the boiling burn-out
i< cbaerved on both surfaces simultaneously. It is esta=-
% -<hzd thet at the pressures of 98IsI472 n/Cm‘e and parame-
1 Tixed at the channel output the burn ott heat fluxes

22T O
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in annular channel with double -sided heat supply are higher
than in a caseof one-sided heating, hence the burn out heat
fluxes on one heat transfer surface grow with the increase
of additional heat flux on the other surface. This may be
explained by the fact that under the identical conditions

at channel output a partial coolant enthalpy influencing on
burn—out rise moment on one heat transfer surface is less
than the average one at the channel output because of addi-
tional heat supply from the other surface.

Enthalpy in a burn-out region may be determined from
heat balance equation for annular channel by subtraction of
enthalpy gain because of additional heat supply from the
total enthalpy gein at the output. In this case the compa =
rison of experimental results for annular channels with
one—-sided and double-sided heat supply leads to the results
agreed,

CAICULATION  RECOMENDATIONS

I. Subcooled water in tubes

The authors of many papers published proposed the
calculation recommendations for the estimation of Q,g o Un—
der subcooled water. These recommendations have been obtai-—
ned on the basis of separate experimental result treatment
from the paper published. Therefore, the detailed analysis
of particular dependences have not been perfomed but such
one is an indispensable condition of reliability of calcu-—
lation recommendations. Therefore, it was impossible to
take account of rate influence ambiguity in a case of evalu-
ation of water flow rate influence on q ¢o. » The rate influ-
ence is evaluated by variable but positive index.

The comparison of these calculation recommendations
with experimental results in a wide range of parameters
had revealed their full inapplicability in those parameter
combinations where the water flow rate influence on q,e.a
is negative. In the work (5) an ambiguous water rate in-

0 -8
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fluence on ig"- have been taken into account by the use of
a variable index to be a function of pressure and enthalpy
of water in a burn-out region. For @ga calculation the au-

thors recommend one of the modifications of this equation.

K:K:.cs'(wo—zqo/f;/‘[iw‘q v5.40%/( ¥ 4-40° W) " QK’”Q“@/" e

where K:ﬁ/_%e’.l/é_.%’; /\/1"‘:(?5 /{“,=%E.

Application range’of the equation:
P <=R94+2060n [cm®
W3= 1+15m [ sec
At=R+ Qoogmo(z.
Oin-8+40mm.
€= 100mm

2, Steam-water mixture in tubes
It is proposed the following empirical formula for
the @,, calculation under forced steam-water f£low in
tubes with regard oni; th'eet;'ube i;tgxg'val diameter influence
Gao= 465 Wy (1-ax (G | (1 £12°) 270 G
where '
n=056-00489: )

3 W
Ws Olinqv m?

m= 03-L - 040

K=1,13+36L -0 H5x
Application range"' of the formula:

P=981+19¢2n [cm?,
Wy = (LI*I?)'iOch/mZ/h%;
X = O+0OH,;
Olin= H+ 12 mm;
€2 200mm
Recently the authors have obtained the following empirical
formula for the pressures not so high.

Qo= [4H6-16 " " 1- x) =0 16 \4/9]-—‘?-—27; @”;
where On™"

m=3u48-054 (v [k 18 10°)

1270
-0
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Application range of the formula:
P=392 +J 84 n/crnﬂ,‘
Wg=(R+148) 40€ kg [m*[ b
X = O+0,HO;
din= H+1@mm;
£€> 200mm.

3, Bxternal flow around a single tube in a symmetric annu-
lar gap
At present there are not enough of experimental da-
ta on C;G.o. for annular gaps particularly on the investigat-
jon of additional factor influence (heating length, tube
diameter, annular gap width) therefore it is not yet time
to try to propose the calculation recommendations for a
wide range of parameters with regard of additional factor
influence. By virtue of this fact, only an empirical for-
mula for the calculation oi‘C;,e.a for water with parameters
on saturation line is represented below
-5 S Sm
q/é.v ’ d/ OR5+W m*
Application range of the formula:
P=392+1962 nfcm’;
W=R+Ym [ sec,
€ = Q00mm.

Annular gap width is I.5 mm and heater tube diameter is

I2 mm .
NOTATION
Ci/ao MWt /"”"a - burn-—out heat flux;
p n /Cm" - absolute pressure;
W g [mé[hy - mass water flow rate;
W m(_ge,c - linear water rate in burm-out region;

r'ng [ m3 - water density on saturation line;
6/"'?3 lma - steam density on saturation line;

197 AL
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”J/”f - latent heat of water evaporation;

6",2/,,—, - surface feusion coefficient of steam-water bo-—
undary

Vm 2//Vb - water kinematic viscosity coefficient on satu-

ration line
water subcooling up to saturation temperature
in burn-out region;

4¢ - relative enthalpy (negative for subcooled wa-
T ter and positive for steam-water mixture; in
~ the latter case it equals weight steam con-

tent in unit fractions ).

ac ; - heat of subcooling for subcooled water (negat—
74 - :

ive) or heat of overheating for steam-water
mixture (positive).

d‘.ﬂ mm - internal tube diameter;
€ mm -~ heated length of experimental region.
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Fig.2.gtais at different enthalpy for tubes. I,2,3 correspond
to relative enthalpy- 0.I; 0.I; 0.2.
1,IT,III,IV,V- correspond to pressures I96; 3923 98I; I373;
1765.8 h[cm’
1274,

=Tl

Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100028-0



Approved For Release 2009/08/17 : CIA-RDP88-00904R000100100028-0

cp N cp
Q, “’,""5"‘/"1 %p Mbm/m2
9
o-1 0o 08 S
0-2 ° 7 1.
A-3
AN® I ')
A-4 R AAE@ ﬂ o o
5 7y [ ] n_a_
44° 2 A
3 A“cﬁ A 3
0 8 8
oo
o0 6 5
%'
A . O Q O—
e NENRE
2 % o 2

-al g4 03 -02 -0f o of 02 O 5 10 W10
Ke/Mm*yac

Fig.3. The heat flux concentration non-uniformity 1nf1uencem‘ e
onq, in round tubes. I,2,3,4-correspond to values ?‘0/(;
of -I I.12;I.28;I1.50. I,II,IIT,~-correspond to
pressures 588 98I,I765. 8h/cm2 A119,-ffmpependences are
given for—:g"o andch —ﬂ }for mass velocity
7.2.10° Kg/m‘/;w
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Fig.5. qz is at different enthalpy for annular gap.
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I,IT,III,IV,V-correspond to pressures 392; 784; 98I; I470;

. 1765.8 hfen?
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200 mn, I - P=2%4njer®, Atgg=T0grade, 2- P=98In/r, at £5 grade
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Fig.?.%o is at longitudinal floy around the bundles consisting
of 7 tubes of dimensions 5x0.25mm, Triangular lattice with a 6.5
mm spacing ; I-P=98Infemt, %5=0.T; 2-P=686nfcm’, == =0.2.
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Fig.B-‘f’e_o. is on saturation line at external cooling of a
single tube in annular gap for various heating
length, P =98In/m; I,2,% correspond to heating
— length of I00, 200 and 400 mm . —
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